Abstract-The combustion is modeled using one-step reaction mechanism assuming complete conversion of the fuel to CO 2 and H 2 O. This analysis illustrates the important role of the heat capacity in the prediction of peak flame temperature. The use of a constant Cp results in a significant over-prediction of the peak temperature. The average exit temperature at the outlet is also over-predicted. This over-prediction of the flame temperature can be corrected by a more realistic model for the temperature and composition dependence of the heat capacity. While the variable Cp solution produces dramatic improvements in the predicted results, further improvements are possible by considering additional models and features available in Fluent.
I. INTRODUCTION
The phenomenon of combustion is visualized in most of the day to day activities, which prods many of the researchers to explore in this field. The field of combustion has advanced substantially in the past few decades. Our study is aimed at analysing the mixing of chemical species and combustion of gaseous fuel in rectangular combustor, burning methane (CH 4 ) in air is studied using the finite-rate chemistry model using the eddy-dissipation method. The eddy-dissipation model is computationally cheap, but for realistic results, only one or two step heat-release mechanisms should be used. It requires less Computational time and not suitable for multi-step reaction. The flow is simulated using a CFD Package, Fluent. Three types of boundary conditions were used to describe the flow field within the computational domain .The flow parameters like velocity, temperature, turbulence intensity, Hydraulic diameter is defined prior to the simulation. This problem analyses the mixing of chemical species and combustion of a gaseous fuel. Rectangular combustor burning methane (CH 4 ) in air is studied using the finite-rate chemistry model using analysis software, Fluent. Many researcher worked in this area via experimental as well as computational to explorer the phenomenon oh the combustion process. Some of them are cited here. B. Reveille and A. Duparchy [1] worked on 3D CFD analysis of an abnormally rapid Combustion phenomenon in downsized gasoline engines. This paper has focused on a particular abnormally rapid, yet non destructive and seemingly stable combustion phenomena which have been identified on low speed mid to high load operating points when performing aggressive downsizings on various engines. A particular engine and operating point on which it occurs were selected and a 3D CFD simulation set up. Although not perfect, as the physics involved are complicated to model, the simulation provides insight into the mixed combustion that takes place. Indeed it appears to be combustion in which auto-ignition and flame propagation is interwoven as they create/initiate and destroy each other in a layered combustion which propagates throughout the combustion chamber. When noticing how auto-ignition takes up more than half the combustion, it is possible to imagine that with load increase, in-cylinder thermodynamic conditions become more extreme, and auto-ignition could come sooner in the cycle leading to what is identified as rumble on very high load operating points. . N. Trigui, V. Griaznov, H. Affes, and D. Smith [2] worked on CFD based shape optimization of IC engine. This paper represents a methodology which combines 3D, steady state CFD techniques with robust numerical optimization tools to design, rather than just evaluate the performance, of IC engine ports and chambers. Takafumi Kojima and Kazuie Nishiwaki [3] worked on numerical analysis of heat transfer in heat insulated diesel engines. The work aims at finding the reason for the contradiction or in what case heat fluxes increase or decrease as the wall temperature is elevated, by using the CFD technique. Here a numerical model is used to analyze unsteady thermal boundary layers with exothermic reaction in the vicinity of the combustion chamber walls. The numerical technique features an additional fine grid system in the cells adjacent to the walls. R. D. Reitz and C. J. Rutland [4] worked on development and testing of diesel engine CFD models. In this they tried to describe the development and validation of Computational Fluid Dynamic (CFD) models for diesel engine combustion and emissions. A modified version of the KIVA code is used for the computations, with improved sub models for liquid breakup, drop distortion and drag, spray-wall impingement with rebounding, sliding and breaking up drops, wall heat transfer with unsteadiness and compressibility, multistep kinetics ignition and laminar-turbulent characteristic time combustion models, Zeldovich NO, formation, and soot formation with Nagle-Strickland-Constable oxidation. The code also considers piston-cylinder-liner crevice flows and allows computations of the intake flow process in the realistic engine geometry with two moving intake valves. A multicomponent fuel vaporization model and a flame let combustion model have also been implemented. Significant progress has been made using a modified RNG k-e turbulence model. This turbulence model is capable of predicting the large-scale structures that are produced by the Benajes, X. Margot, A. Gil [5] worked on CFD modeling of the in-cylinder flow in direct-injection. In the main study, the flow characteristics inside the engine cylinder equipped with different piston configurations were compared. For this, complete calculations of the intake and compression strokes were performed under realistic operating conditions and the ensemble-averaged velocity and turbulence flow fields obtained in each combustion chamber analyzed in detail. Franz X. Tanner & Seshasai Srinivasan [6] worked on CFD-based optimization of fuel injection strategies in a diesel engine using an adaptive gradient method. A gradient-based optimization tool has been developed and, in conjunction with a CFD code, utilized in the search of new optimal fuel injection strategies. The approach taken uses a steepest descent method with an adaptive cost function, where the line search is performed with a backtracking algorithm. The backtracking algorithm utilizes quadratic and cubic polynomials to accelerate the convergence, and the initial backtracking step employs an adaptive step size mechanism which depends on the steepness of the search direction. Vijaya Kumar Cheeda, R. Vinod Kumar, G. Nagarajan [7] worked on design and CFD analysis of a regenerator for a turboshaft helicopter engine. In this paper a continuous heat transfer regenerator for a turboshaft helicopter engine is designed suitably. The regenerator effectiveness is assessed by the CFD tool CFX and evaluated the effectiveness and the pressure drop. The predicted CFD results are in good agreement with experimental results. L. Li, X.F. Peng, and T. Liu [8] worked on combustion and cooling performance in an aero-engine annular combustor. The investigation was conducted to understand the characteristics of the flow, combustion, cooling performance and their interaction in an aero-engine combustor. The conservation equations and Eddy-dissipation combustion model were employed for solving the flow, heat transfer, and combustion in the entire combustor. The reliability of the simulation was demonstrated by comparing calculated combustor exit temperature distributions with profiles of the rig-test measurements. Wendy Hardyono Kumiawan, Shahrir Abdullah and Azhari Shamsudeen [9] worked on CFD study of cold-flow analysis for mixture preparation in a motored four-stroke direct injection engine. In this study, the CFD simulation to investigate the effect of piston crown to the fluid flow field inside the combustion chamber of a four-stroke direct injection automobile engine under the motoring condition is presented. The analysis is focused on study of the effect of the piston shape to the fluid flow characteristics the result obtained from the analysis could be employed to examine the homogeneity of air-fuel mixture structure for better combustion process and engine performance.. Andras Kadocsa, Reinhard Tatschl and Gergely Kristof [10] worked on analysis of spray evolution in internal combustion engines using numerical simulation. This paper summarizes results of research about a new approach of spray formation calculations. Using a primary breakup model for separately describing the initial liquid disintegration of injected liquid based on the flow properties stemming from a previous calculation of injector nozzle flow gives a better prediction capability and suits the new needs of advanced combustion systems such as HCCI engines or various forms of split injection. Semin, N.M.I.N. Ibrahim, Rosli A. Bakar and Abdul R. Ismail [11] worked on In-Cylinder Flow through Piston-Port Engines Modeling using Dynamic Mesh. This paper presents numerical study of three-dimensional analysis of two-stroke spark-ignition (SI) cross loop-scavenged port. The objective of this study is to investigate the in-cylinder characteristics at motored transient condition. The pressure on in-cylinder and intake port were collected and applied for validation with numerical results for 1400 rpm. The three-dimensional modeling analysis was performed utilizing dynamic mesh method. The prediction of distribution of in-cylinder pressure and mass fraction of gases function of crank angle were discussed. The results shown that the relative error between experimental and numerical less that 2 %.. Yoshio Kobayashi, Kazuyuki Uenoyama, Yukiteru Yoshida, Kazunori Kudo and Hiroyuki Endo [12] worked on Low Exhaust Emission System for Small Two-Stroke Cycle Engines. The paper discuss about the newly developed new stratified scavenging two stroke cycle engine. By this method the HC emissions and fuel consumption of the engine can been reduced remarkably comparing with conventional engines. It was confirmed by the CFD and exhaust gas measurements that, in the stratified scavenging system, the short circuiting of the mixture compositions at the time of scavenging was suppressed. It is seen that number on researchers have worked in the field of IC engine using CFD as a tool to improve its performance determination but there is no work related to variation of specific heat with temperature change in gases so the above mentioned study has been undertaken to take care of this study.
II. MATERIALS AND METHODS
A Rectangular combustor of length= 3meter, breadth =0.56 meter, height = 0.6 meter is considered in this analysis as shown in Figure 10 . The flame considered is a turbulent diffusion flame. Two small nozzle of diameter 10 mm each is provided in the rectangular combustor to introduces methane at 100 m/s as a gaseous fuel. Ambient air enters the combustor at 3 m/s. The overall equivalence ratio is approximately 0.79. The high-speed methane jet initially expands with little interference from the outer wall, and entrains and mixes with the low-speed air. Here we will use the generalized finite-rate chemistry model to analyze the methane-air combustion system using the eddy-dissipation method. The combustion will be modeled using one-step reaction mechanism assuming complete conversion of the fuel to CO 2 
and H 2 O. The reaction equation is

A. GRID DISPLAY
After reading the grid file, fluent reported 10800 quadrilateral fluid cells have been read, along with a number of boundary faces with different zone identifiers.
In this analysis fluent is used to model the transport, mixing, and reaction of chemical species. The reaction system was defined by using and modifying a mixture-material entry in the fluent database. The procedures used here for simulation of hydrocarbon combustion can be applied to other reacting flow systems. This analysis illustrated the important role of the mixture heat capacity in the prediction of flame temperature. The combustion modeling results are summarized in the following The use of a constant Cp results in a significant over prediction of the peak temperature. The average exit temperature and velocity are also over predicted. While the variable C p solution produces dramatic improvements in the predicted results, further improvements are possible by considering additional models and features available in fluent. The NO x production in this case was dominated by the prompt NO mechanism. In this case the flame is fuel-rich and prompt NO production is higher than Thermal NOx formation. Formation of NO is very sensitive to temperature. Every effort should be made to ensure that the temperature solution is not over predicted, since this will lead to unrealistically high predicted levels of NO. 
B. Boundary Condition
Three types of boundary conditions were used to describe the flow field within the computational domain.
1) Velocity Inlet Boundary Conditions
Velocity inlet boundary conditions are used to define the flow velocity, along with all relevant scalar properties of the flow, at flow inlets. The total (or stagnation) properties of the flow are not fixed, so they will rise to whatever value is necessary to provide the prescribed velocity distribution. This boundary condition is intended for incompressible flows, and its use in compressible flows will lead to a nonphysical result because it allows stagnation conditions to float to any level. You should also be careful not to place a velocity inlet too close to a solid obstruction, since this could cause the inflow stagnation properties to become highly non-uniform.
2) Pressure Outlet Boundary Conditions
Pressure outlet boundary conditions require the specification of a static (gauge) pressure at the outlet boundary. The value of the specified static pressure is used only while the flow is subsonic. Should the flow become locally supersonic, the specified pressure will no longer be used; pressure will be extrapolated from the flow in the interior. All other flow quantities are extrapolated from the interior.
A set of "backflow'' conditions is also specified should the flow reverse direction at the pressure outlet boundary during the solution process. Convergence difficulties will be minimized if you specify realistic values for the backflow quantities.
3) Wall Boundary Conditions
Wall boundary conditions are used to bound fluid and solid regions. In viscous flows, the no-slip boundary condition is enforced at walls by default, but you can specify a tangential velocity component in terms of the translational or rotational motion of the wall boundary, or model a "slip'' wall by specifying shear. (You can also model a slip wall with zero shear using the symmetry boundary type, but using a symmetry boundary will apply symmetry conditions for all equations. The shear stress and heat transfer between the fluid and wall are computed based on the flow details in the local flow field.
III. RESULTS AND DISCUSSIONS
A. Iteration Using Constant Heat Capacity
The solution converges in about 424 iterations The static temperature contours from the above figure reveal the fact that the static temperature is much higher near about 2.63e+03 K in the 1/3 part of the combustion chamber that means the flame temperature attain the maximum temperature with compare to the exit of the combustion chamber which around 2.1e+03 K. Here the specific heat taken constant (Cp) as shown in Figure 3 . The peak temperature is predicted using a constant heat capacity of 1000 J/kg-K, is over 2600 K. This over prediction of the flame temperature can be corrected by a more realistic model for the temperature and composition dependence of the heat capacity,
C. Iteration Using Non-Constant Heat Capacity
The residuals will jump significantly as the solution adjusts to the new specific heat representation. The solution converges after about 135 additional iterations. 
D. Solution Using Non-Constant Heat Capacity
From the figure it is observed that, with variable Cp, the exit temperature from the combustion chamber is 1.14e+03 K, which is much lower in comparison with constant Cp. At the initial stage of the combustion chamber the maximum temperature is around 1.82e+03 K and in comparison to the constant Cp, it is much lower which shows the significance of the specific heat regarding the combustion. It is concluded that if constant specific heat is taken, the approach is not realistic and it over-predicts the temperature. This over-prediction of the flame temperature can be corrected by a more realistic model for the temperature and composition dependence of the heat capacity and the flame length is much shorter in variable Cp compare to the constant Cp, While the variable Cp solution produces dramatic improvements in the predicted results, further improvements are possible by considering additional models and features available in Fluent.
